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LETTERS TO THE EDITOR. 

[ The Editor does not hold himself responsible for opinions ex¬ 
pressed by his correspondents. Neither can he undertake 
to return , or to correspond with the writers of rejected 
manuscripts intended for this or any other part of Nature. 
No notice is taken of anonyjnous communications. ] 

The Cause of an Ice Age. 

Several letters from Sir Henry Ho worth, Dr. Hobson, Mr. 
Culverwell, and Prof. Darwin, having appeared in Nature 
relating to my little book on the “ Cause of an Ice Age,” I shall 
be glad if you will allow me to make a few remarks on the 
matter. In his first letter, Sir Henry Howorth thinks I have 
omitted to give Wiener the credit which was justly his due. 
Subsequent letters by Dr. Hobson and Sir Henry Howorth may 
be held to have cleared up this matter; still there is a point 
which has escaped Sir Henry Ho worth’s attention, and I there¬ 
fore refer to it again. 

The facts are as follows. When I first began to work at the 
Ice Age I arrived independently, as any mathematician might 
easily have done, at a theorem by no means difficult, which 
seemed to me of importance in connection with the subject of 
geological climates. I had never seen this theorem before ; had 
I done so I should, of course, have properly acknowledged its 
prior discovery. 

Soon after the publication of my book, Prof. Darwin kindly 
pointed out to me that the mathematical theorem in question 
had been already given by Wiener. Thereupon I did all that it 
seemed possible to do. I called attention to Wiener’s priority 
at once by a letter to Nature, which appeared on February 18, 
1892, and I also mentioned his priority both in the preface and 
the text of the second edition of the “ Cause of an Ice Age,” 
which was published in 1892. Sir Henry Howorth, when he 
wrote his recent letters in which he thought I had not rendered 
justice to Wiener, could not, I am sure, have known all the 
facts as above stated. 

Mr. Culverwell thinks that I was wrong in attributing a certain 
opinion to Croll, and I quite admit that this charge might once 
have been correct. The fact is, I had been mistaken in the 
meaning I read into a passage in Croll’s “ Climate and Time,” 
p. 56. But I think if Mr. Culverwell had known the circum¬ 
stances, he would hardly have considered it necessary to raise 
this question again. On the appearance of the first edition 
of my book, the mistake I had made was kindly pointed 
out by Mr. Monck, as well as by Mr. Noble, and I think 
by others ; and I accordingly amended the second edition. In 
the Geological Magazine for February 1895, p. 58, Mr. Culver¬ 
well appeals to me to correct certain passages relating to this 
point which he puts into italics from the first edition. My 
excellent friend had not the slightest notion that these passages 
had been already corrected in the second edition, published two 
years before his paper. 

I must, however, say that on looking over my book again in 
connection with this correspondence, I consider that some of 
the references I have made to this particular point might be 
further amended. If, however, Sir Henry Howorth still thinks 
that I have at any time regarded Croll’s work otherwise than 
with due respect, I would like to remind him of the words in 
both editions, p. 112, in which I said :—- 

“I Was greatly struck by this work (‘Climate and Time’) 
when I first read it many years ago. Subsequent acquaintance 
with this volume, and also with his second work (‘Climate and 
Cosmology’), has only increased my respect for the author’s 
scientific sagacity, and my admiration for the patience and the 
skill with which he has collected and marshalled the evidence 
for the theory that he has urged so forcibly.” 

I have studied with much interest and profit the investigations 
made by Mr. Culverwell in connection with the astronomical 
theory of the Ice Age, and I may be permitted to say how glad 
I am that so excellent a mathematician and physicist should 
have had his attention drawn to this subject. I may, however, 
take this opportunity to explain why I have had to remain 
unconverted by certain of his arguments, notwithstanding that 
they have carried conviction to Sir Henry Howorth and Prof. 
Darwin. 

In his earlier paper in the Geological Magazine for January 
1895, P* 9> Mr. Culverwell has demonstrated that the direct sun- 
heat received on any parallel at the time of greatest eccentricity, 
is the same as that now received on the parallel not more than 
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three or four degrees north. This seems to me not only a novel, 
but also a very instructive result, and is in any case a valuable 
contribution to the theory. Mr. Culverwell, however, goes on 
to deduce from this that the climatic change in England between 
the present time and the time of the greatest eccentricity, would 
be no greater than the present climatic difference between 
Yorkshire and Cornwall, and hence he concludes that the astro¬ 
nomical theory is incompetent to account for the Ice Age. 
Prof. Darwin seems to think that this argument is unanswer¬ 
able ; I hope he will forgive me if I say that here my dissent 
begins. I think the facts cited do not warrant the inference 
which Mr. Culverwell would draw from them. With due 
respect to Mr. Culverwell, I would say that he seems at this 
point to have quite forgotten that the actual temperature in a 
region depends not merely upon the sun-heat there received, but 
also upon the transference of heat across the boundaries of that 
region. He takes the actual temperatures of Yorkshire and 
Cornwall; but what his argument would really require is a 
totally different thing. It would be the temperatures of those 
counties if each of them were perennially surrounded by a wall 
extending to the top of the atmosphere, and adiabatic to all heat 
except direct solar radiation. 

This point is so important that I must put it in a somewhat 
different manner. It is certain that the actual climatic gradient 
from the equator to the pole is very different from what that 
gradient would have been if each parallel of latitude had marked 
the course of an adiabatic barricade such that no heat transfer¬ 
ence via earth, air or water could take place from zone to zone. 
In the latter case I quite admit that the.mean temperature due to 
the sun-heat received on any zone would be actually the mean 
temperature of that zone, but the same is not true of the actual 
climatic gradient as we have it in nature. For, on account ot 
heat transference, the mean temperature of a zone is by no means 
the same thing as the mean temperature due to the sunbeams 
received by that zone. 

May I say that I think the fallacy throughout this part of Mr. 
Culverwell’s argument arises from his overlooking the distinc¬ 
tion between the actual gradient and the adiabatic gradient. 
There may be but little difference between the mean tempera¬ 
tures of a zone through Yorkshire, and a zone through Cornwall; 
but this does not prove, as Mr. Culverwell’s theory requires, 
that there would be but little difference between a mean tem¬ 
perature due solely to the direct sun-heat falling on the zone 
through Yorkshire, and a mean temperature due solely to the 
direct sun-heat falling on the zone through Cornwall. This 
inference would only be sound if all parallels w r ere adiabatic. 
This they certainly are not. 

I do not question that the difference between present 
temperatures and the temperatures at the time of highest eccen¬ 
tricity might be fairly represented by the difference between the 
temperature due to the sun-heat received in the latitude of 
Yorkshire, and the sun-heat received in the latitude of Cornwall. 
What I do question are the grounds on which Mr. Culverwell 
maintains that this latter difference (and therefore the former 
one) is so insignificant as to discredit the astronomical theory of 
the Ice Age. 

I have thus explained in what respect Mr. Culverwell’s invest¬ 
igation involves assumptions which are in my opinion unsound. 

I am accordingly to this extent unable to accept the conclusions 
at which he has arrived. ROBERT S. Ball. 

Observatory, Cambridge, January 2. 


The letter of Prof. G. II. Darwin in your last issue states 
very clearly the argument on which Mr. Culverwell and himself 
rely as affording a demonstration of the inadequacy of the 
astronomical theory. It now seems opportune, therefore, to lay be¬ 
fore your readers the general considerations which lead me to the 
conclusion that the whole argument they rest upon is unsound ; 
and, further, that Sir Robert Ball’s ratio of 63 to 37, represent¬ 
ing the ratios of sun-heat received by each hemisphere in 
summer and winter respectively, is (contrary to Prof. Darwin’s 
view) an important factor in any adequate discussion of the 
problem. 

Accepting Prof. Darwin’s estimate that the difference in the 
amount of sun-heat received in our latitudes during high and 
low eccentricity, would only give to Yorkshire the amount 
received by London or vice versa , I entirely demur to his 
statement that this would be also a measure of the amount of 
change in the climates of these places. To do so is to assume 
that the climate of a place, as regards the amount and distribution 
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of its temperature, is determined by one factor only—the amount 
of sun-heat it receives. 

How very erroneous is this assumption, may be shown by the 
contrasted climates of places on the east and west sides of the 
Atlantic, due to the influence of both ocean-currents and pre¬ 
valent winds ; but even more strikingly by a comparison (which 
I made in my “Tropical Nature”) between certain tropical and 
temperate climates. In Java, about 8° south of the equator, the 
altitude of the noonday sun in June is about 58^°, while at 
London during the same month it is 62°, the length of the day 
at the same time being 5^ hours greater with us. The sun-heat 
received in London must therefore be considerably greater than 
that received in Java, and, according to the rule that the amount 
of sun-heat determines temperature, London should then have 
the warmest climate. The fact, however, is that our mean 
temperature in June is more than 20° lower than that of Java 
and our mean highest temperature about 18 0 lower, a result due, 
as I have shown, to a variety of causes, of which the temperature 
of the atmosphere in all surrounding areas, the action of aqueous 
vapour in reducing the loss by radiation, and the accumulation 
of heat in the soil, are probably the most important. These 
facts prove, I think, that the amount of heat received by the 
whole hemisphere, through its influence on both oceanic and 
aerial currents, must be taken account of in estimating tempera¬ 
tures under different phases of eccentricity; and that any 
determination of the amounts of sun-heat received at particular 
latitudes, considered by themselves, are necessarily misleading 
and must usually indicate a difference of climate far below the 
truth. 

But there is another consideration of even more importance 
which entirely invalidates the arguments of those who, like Mr. 
Culverwell and Prof. Darwin, treat the problem as one to be 
determined by a simple mathematical calculation of amounts of 
sun-heat received on the same area at different times. This is, 
the remarkable difference in the behaviour of air and liquid 
water on the one hand and snow and ice on the other, as regards 
climate ; the former from their great mobility tending to the 
diffusion of heat, the latter by its comparative immobility to the 
accumulation and perpetuation of cold. Without this power of 
accumulation perpetual snow on tropical and temperate 
mountains, and glaciers in hot sub-alpine valleys and at only 705 
feet above the sea-level in latitude 43 35' south in New Zealand, 
would be impossible. In either of these cases, if an elevation of 
about a thousand feet should double the area of the snow fields, 
which might easily be the case, the outflowing glaciers would be 
greatly increased in magnitude and might either descend to much j 
lower levels or spread out over large areas of the lowlands—and 
all this without any change whatever in the total amount of 
sun-heat received by the countries in which they occur. 1 

For some years past there has been a persistent attack by 
astronomers and physicists on the explanation of the glacial 
epoch put forth by Croll and adopted with some modifications by 
many students of glacial phenomena. But as these writers have 
all treated the problem as a question of the direct effect of the 
amount of sun-heat received at different epochs in corresponding 
latitudes, completely ignoring the great distributing and accumu¬ 
lating agencies which are always and everywhere in action, their 
theoretical conclusions appear to us to be entirely beside the 
question. We have to deal with a highly complicated problem 
in physical meteorology, which cannot be solved by an appeal to 
the well-known facts of the amounts of sun-heat received, any 
more than can the June climates of London and Batavia or the 
general climates of Ireland and Manitoba or Terra-del-Fuego (in 
about the same latitude) be explained from similar data. The 
great merit of Croll was, that he fully realised the complexity of 
the problem ; that he took account of the various relations and 
reactions of the oceanic and aerial currents, and the physical 
characteristics of air and water, snow and ice; and that he 
showed how these causes reacted on each other so that the winds 
and ocean currents of one hemisphere might have an influence 
on the accumulation of snow and ice in the other. Whatever 
errors he may have made in matters of detail, his method was 
undoubtedly a sound one, and it is because so many recent 
writers on the subject have wholly ignored his method without 
even attempting to prove that it is erroneous, that their views 
appear to us to be both retrograde and scientifically unsound. 

Alfred R. Wallace. 

1 This remarkable property and its effects are explained in some detail in ; 
my ‘‘Island Life,” p. 131 (second edition), under the heading “Properties 
of Air and Water, Snow and Ice, in Relation to Climate,” and in the four 
following sections. 
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The Dying out of Naturalists. 

The dying out of the distinguished school of “naturalists” 
which this country once produced, and which culminated in 
Darwin, is a fact which scarcely admits of dispute. I am in¬ 
formed on good authority that it has not escaped the notice of 
the French scientific world. 

I drew attention to it in the address which I delivered to the 
new Botanical Section of the British Association at Ipswich. I 
rather described the phenomenon than attempted to explain its 
causes. But what I said has brought me many interesting com¬ 
munications. It has been suggested to me that as far as botany 
is concerned, I have much myself to be responsible for. It may 
be so. But this I may say, that in entering the laboratory I did 
so with the natural history spirit. I only looked at interesting 
things with a closer vision. So, if I may go to the other end of 
the scale, did Darwin when he made use of all the newer ap¬ 
pliances of biological research in his later work. 

Nothing, it seems to me, is more difficult than to trace to their 
right causes the springs of human endeavour. Its results are 
familiar to us, because we live amongst them. We are so prone 
to assume “motives” off-hand for any human action that we 
see about us, that nothing seems easier than to explain any new 
departure that comes in our way. But the process is almost 
certainly superficial, and the real causes of a social change which 
breaks upon us suddenly have in all probability been of slow 
growth, and do not at the moment either reveal themselves or 
readily lend themselves to analysis. 

A friend, a well-known naturalist, gives me his explanation. 
I suppress his name, as I have not his permission to quote it ; 
but I think what he says is worth printing, as affording ground 
for reflection. Whether the cause he assigns is or is not well 
founded, I confess I do not know. 

But generalising from experience I can say this : all dis¬ 
tinguished naturalists whom I have known have gone ahead in 
defiance of any and every obstacle. Looking back upon their 
lives, it was as if fate had conditioned them. It was once said 
to me that if one ever came across a possible artist of merit, the 
right thing to do would be to offer him every discouragement. 
If he had real genius he would transcend his ordeals; it he had 
not, the world would not be appreciably the poorer if he was 
quenched. 

But I must discriminate. English naturalists of the generation 
which is now passing away have belonged to two groups. Some 
have been born to wealth, some to poverty. Class prejudice 
was against the one ; means of livelihood against the other. 
The richer disciples of our art seem now to have gone irre¬ 
trievably, and to have no successors. The poorer have changed 
their tone ; they tend to treat science as a career like the Civil 
Service. They approach those who have any hand in the matter 
in an extremely business-like spirit. I do not blame them. But 
this is not the nuttier of the scientific hero. Nor in their memory 
shall we assemble to found a national memorial or raise a statue. 

What is the force that now-a-days quenches the old enthusiasm ? 
My correspondent says that it is the schools, and here is his 
story. I believe that, at any rate, what he says is the outcome 
of sincere conviction, or I would not publish it. 

“ I am pleased to see your remarks upon the dying out of the 
study of systematic botany, and I see in other papers, too, atten¬ 
tion called to this and the diminution of field naturalists. One 
starts one’s natural history usually on these lines when a boy— 
or, rather, used to —but I noticed things had altered much when 
I visited my old school last winter. In my day we had lots of 
naturalist boys ; we knew all the localities for insects, plants, 
shells, &c. Now hardly any one knows anything of the country 
beyond the playing fields. The ‘ skipper field,’ famous for 
skipper butterflies ; the heath, with its localities for all kinds of 
insects and plants, are absolutely unknown. The great object 
of education appears to be to have every boy competing for 
something absolutely useless to him in later life. They were 
practising cricket or other games, or cramming for exams, al 
the while. This remarkable system begins, the masters of this 
and other schools told me, at about eight years old. There is 
no time to learn to think or observe. The boys must beat some 
other school in tennis or football, or must beat some one else in 
the history of the Punic Wars. Science was taught, but much 
in the same way. They were neither taught, nor did they get a 
chance of teaching themselves, any natural history. What the 
result of this will be it is difficult to foresee, but it certainly 
accounts a good deal for the diminution in systematists and field- 
naturalists. ” W. T. Thisei;ton-Dyer. 

Royal Gardens, Kew, December 27, 1895. 
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